Plants have a complex life cycle in which diploid and haploid generations alternate: the diploid sporophyte produces the spores, while the haploid gametophytes form the gametes. In bryophytes and ferns, the dimorphic gametophytes are free-living, but their development has become dependent on the sporophyte in seed plants. This opens a multitude of opportunities for interactions and cross-talk between the two generations, many of which are discussed in this issue of Sexual Plant Reproduction. In angiosperms, gametophytes develop within the reproductive organs of the flower: the male gametophyte (pollen) within the anthers and the female gametophyte (embryo sac) within the ovule, which develops from the placental tissues of the carpel (Ma and Sundaresan 2010) . The gametophytes in turn differentiate one pair of gametes each. During double fertilization, which initiates seed development, one sperm fuses with the central cell producing the endosperm, while the second fertilizes the egg to form the embryo and thus the next sporophyte generation.
Although , the 'Father of Botany', already recognized the existence of male and female plants (Negbi 1995) , it took the offering of a prize by the Imperial Academy of Sciences in St. Peterburg, to experimentally prove that plants reproduce sexually just as animals do. By crossing Nicotiana rustica with N. paniculata, Josef Gottlieb Kölreuter (1761) obtained viable hybrids with characteristics of both parents, foreshadowing the genetic work of Gregor Mendel. Kölreuter's experiments unambiguously demonstrated that both parents contribute to the offspring, refuting preformationist theories. It was a long way from these early days to the unraveling of the genetic basis underlying sexual reproduction, but the genetic approaches applied over the last 15 years have been instrumental in shedding light onto the molecular basis of reproduction as presented in this issue. While most of the genetic work was done using Arabidopsis thaliana as a model system, experimental approaches in Zea mays and Torenia fournieri have also greatly contributed to our understanding of reproductive development at the molecular level (Dresselhaus et al. 2011; Okuda and Higashiyama 2010) .
Studies over the last years have made it clear that cellular communication and signaling events play many crucial roles during plant reproduction. Although the first molecular players in such interactions have only recently been uncovered (e.g., Márton et al. 2005; Escobar-Restrepo et al. 2007; Okuda et al. 2009; Kessler et al. 2010) , the important role of cellular communication may have been anticipated given the close proximity and intimate interactions between the developing gametophytes and surrounding sporophytic tissues, between the constituent cells of the gametophytes, and between male and female gametophytes and gametes during double fertilization. Furthermore, it has also become evident that epigenetic processes, in particular gene regulation mediated by short interfering RNAs (siRNAs) and micro RNAs (miRNAs), play crucial roles in reproductive development. Many putative signals such as hormones and secreted peptides are mobile, including siRNAs and miRNAs (Chitwood and Timmermans 2010) . This opens possibilities for maternal and paternal effects not only on seed development but also on gametogenesis. Signals produced by sporophytic tissues may influence the development of male or female gametophytes or the embryo and/or endosperm following fertilization. Alternatively, factors stored in progenitor cells, e.g., male and female gametes but also micro-and megaspore mother cells, may influence the subsequent development of the fertilization products and gametophytes, respectively.
To distinguish the different origins of such parental effects, it may be appropriate to separate them into those effected by the sporophyte (sporophyte-dependent), which are non-cell-autonomous, and those effected by the reproductive lineage (germline-dependent), which may rely on stored products or epigenetic modifications inherited by the daughter cells (e.g., Pillot et al. 2010) . Conceptually, this corresponds to the situation in Drosophila melanogaster, where both soma-dependent and germline-dependent maternal effects are essential for normal oogenesis (Bastock and St Johnston 2008) . However, plants do not have a germline that is set-aside early during embryonic development as animals do, and different definitions for the plant germline exist. Here, the germline is considered to be determined as soon as a cell is committed to produce gametes. Thus, the archesporial cells, which give rise to micro-and megaspore mother cells, are the first specified cells of the germline; but others have placed this event later, during gametophyte development (Twell 2011, this issue) . The separation of sterile somatic cells from germline cells that contribute to the next generation has been of interest to developmental and evolutionary biologists since this distinction was first made over a century ago (Weismann 1893). Chlorophyta (green algae), a sister clade to the Streptophyta containing the land plants, are particularly well suited to address the evolution of multicellularity and the separation of germline and soma, as they span the full range of organizational complexity, ranging from unicellular to colonial species and ultimately to multicellular species with separated soma and germline (Hallmann 2011, this issue) .
In the ovule of flowering plants, the germline is established once a subepidermal cell is specified as archesporial cell, which-either after division or directly-forms the megaspore mother cell committed to meiosis. In most angiosperms including Arabidopsis and maize, usually only a single subepidermal cell enters this developmental pathway, although several cells have the potential to do so (Grossniklaus and Schneitz 1998) . This potential is revealed in mutants such as multiple archesporial cells1 in maize (Sheridan et al. 1996) or multiple sporocyte1 in rice (Nonomura et al. 2003) , which affect signaling pathways involved in lateral inhibition mechanisms that prevent more than one cell from differentiating into a megaspore mother cell (reviewed in Armenta-Medina et al. 2011, this issue) . Recently, it was shown that the activity of a siRNA pathway involving ARGONAUTE9 (AGO9), which is expressed in cells surrounding the megapore mother cell, is also involved in the restriction of germline fate (OlmedoMonfil et al. 2010) . In ago9 mutants, multiple cells enlarge similar to the megaspore mother cell and can initiate gametophyte development, likely without undergoing meiosis. In contrast, dominant mutations in maize AGO104 act in the megaspore mother cell and cause the production of unreduced female gametophytes (Singh et al. 2011) . These findings illustrate the importance of siRNA-based mechanisms in specifying germline fate and suggest that their modulation may be involved in generating the diverse reproductive modes found in sexual and apomictic plants, the latter reproducing asexually through seeds (ArmentaMedina et al. 2011, this issue) . The subsequent development of the female gametophyte also depends on signals from the sporophytic tissues of the ovule (Bencivenga et al. 2011, this issue) . This is evidenced by the fact that many mutants affecting the development of the sporophytic tissues of the ovule disrupt female gametophyte development. Although no cytological abnormalities are seen in sporophytic ovule tissues if the embryo sac is absent, signaling from the female gametophyte to the sporophyte is revealed at the level of gene expression (Johnston et al. 2007) . It is likely that phytohormones play a role in the cross-talk between the two generations and deciphering their exact roles is a topic of current investigations (Bencivenga et al. 2011, this issue) .
The development of male and female gametophytes, starting with the mitotic division of micro-and megaspores, is a complex process involving the establishment of polarity, coordinated divisions, nuclear migrations, cell specification, and differentiation. Using genetic and molecular approaches, a few of the molecular components controlling these processes have been identified over the last decade. Although the gametophyte is no longer the 'forgotten generation' (Heslop-Harrison 1979), we are far from a complete understanding of their development and function. But an excellent framework of cytological and ultrastructural investigations performed in the last century (Johri 1985) allowed the integration of new cell biological observations. The female gametophyte develops from the functional megaspore through three syncytial divisions forming an 8-nucleate embryo sac. After cellularization, typically seven cells are formed (Polygonum type): two synergids and an egg cell at the microylar pole, the binucleate central cell in the middle, and three antipodals at the chalazal pole (Sprunck and Groß-Hardt 2011, this issue) . The polar axis of the developing female gametophyte is established in alignment with the chalazalmicropylar axis of the ovule but the underlying mechanisms are not understood. It is likely that cytoskeletal components are important for the determination of polarity and also play a role in positioning the nuclei within the embryo sac. The latter is crucial for cell specification, as mispositioned nuclei adopt a different cell fate, likely influenced by cytoplasmic determinants that are localized to specific regions of the syncytial embryo sac (Sprunck and Groß-Hardt 2011, this issue) .
Similar events also occur during male gametophyte development, where an initially symmetric microspore becomes polarized and divides asymmetrically to form a large vegetative and a small generative cell (Twell 2011, this issue) . The generative cell divides once more to form the two sperm cells that will participate in double fertilization. Recently, sperm cells were found to harbor a much more diverse transcriptome than anticipated, which can also influence the next sporophyte generation (Borges et al. 2008; Gou et al. 2009; Russell et al. 2010) . Polarity establishment and maintenance in the microspore depends on cytoskeletal components, in particular microtubules, and is required for asymmetrical division, which initiates cellular differentiation. In the male gametophyte, cell fate specification is intimately connected to cell cycle progression, whose control has been unraveled, in some detail, at the molecular level. In addition, epigenetic regulation and siRNA pathways play an important role in maintaining genome integrity of the gametes (Twell 2011, this issue) . It has been proposed that siRNAs produced in the vegetative cell are responsible for silencing transposable elements in the sperm cells (Slotkin et al. 2009 ). Similarly, the siRNA pathway involving AGO9 in the ovule described above plays a role in silencing transposons in the embryo sac (Olmedo-Monfil et al. 2010) . In both cases, the siRNAs are proposed to act non-cell-autonomously, but the mechanisms by which this can be achieved are currently not known.
Of particular interest is how the four cell types of the mature female gametophyte are determined. Although our understanding of this process is still fragmentary, several mutants that affect cell specification have been described over the last few years (Sprunck and Groß-Hardt 2011, this issue) . Based on the observation that a manipulation of auxin production or response in the female gametophyte can alter cell fate, it was proposed that an auxin gradient may determine distinct cell fates along the axis of the embryo sac (Pagnussat et al. 2009 ). How this auxin gradient is established and maintained, and how it specifies cell fate, is currently not clear. Part of the known molecular machinery, possibly acting downstream of auxin, includes transcription factors involved in specifying egg cell (Pagnussat et al. 2007; Köszegi et al. 2011 ) and synergid cell fate (Steffen et al. 2008; Bemer et al. 2008 ). Moreover, non-cell-autonomous signaling events including lateral inhibition, which prevents accessory cells from adopting gametic cell fate (Groß-Hardt et al. 2007) , and the induction of cell death in the antipodals (Kägi et al. 2010) , have been uncovered. In summary, the study of mutants affecting the specification and differentiation of the cell types in the female gametophyte has uncovered an important role of cell-to-cell communication and revealed an unexpected developmental plasticity allowing these cells to respond to altered signals (Sprunck and Groß-Hardt 2011, this issue) .
Once the gametophytes have reached maturity, they must interact to achieve double fertilization. This involves the guidance of the pollen tube to the micropyle, achieved by chemotactic signals produced by the synergids, and pollen tube reception, an active process leading to pollen tube rupture and sperm release, also controlled by the synergids (Sprunck and Groß-Hardt 2011, this issue) . Interestingly, pollen tube guidance and reception relies on secreted peptides and signal transduction components that are related to proteins involved in defense mechanisms (Amien et al. 2010; Dresselhaus and Márton 2009) .
After successful fertilization, the embryo constitutes the next sporophyte generation. The zygote shares the same axis of polarity as the egg cell, which contains a micropylarly localized vacuole and a chalazally positioned nucleus. After fertilization the zygote elongates along this axis and divides asymmetrically, producing a small apical and a larger basal cell, the founder cells of the embryonic and suspensor lineages, respectively (Zhang and Laux 2011, this issue) . Although the polar axes of the ovule, embryo sac, egg cell, and zygote likely depend one on the other, the molecular mechanisms determining this polarity are completely unknown. In Arabidopsis, the elongation of the zygote depends on a signaling cascade initiated by a paternally provided factor, SHORT SUSPENSOR, which is delivered by the sperm's cytoplasm in the form of mRNA and translated in the zygote after fertilization (Bayer et al. 2009 ). This paternal effect ensures that cell elongation and asymmetric division can only occur after fertilization, but this mechanism is obviously circumvented in apomictic species where embryogenesis occurs in the absence of fertilization (Grossniklaus 2009 ). Subsequent development and patterning of the embryo involves the polarization of dynamic auxin signaling and the restricted expression of transcription factors that specify cell lineages (Zhang and Laux 2011, this issue) . Moreover, maternally provided factors including siRNAs were recently found to play a crucial role in the regulation of gene expression during early stages of embryo development (Autran et al. 2011) . Taken together, these findings illustrate the importance of germline-dependent maternal and paternal effects on embryogenesis.
Although genetic and molecular studies have led to unprecedented progress in our understanding of plant germline development over the last decade, we have only seen a glimpse of the fascinating but complex cellular processes that underlie successful seed formation. It has become evident that a multitude of cellular interactions, signaling processes, and cross-talk between sporophyte and gametophytes play a central role in reproduction. Many of the developmental processes reviewed in this issue of Sexual Plant Reproduction involve siRNA pathways, and it will be of great interest to unravel how they regulate cellular functions and affect the behavior of neighboring cells. A deeper understanding of polarity establishment and cell specification will require the analyses of gene expression and regulation, not only at the cellular level, but also within subdomains of a cell. Recent advances using laser-assisted microdissection for transcript profiling (Wuest et al. 2010) should allow the analysis of specific subcellular regions, for instance the chalazal and micropylar domains of the developing syncytial female gametophyte or the basal and apical halves of the zygote. Finally, most studies, to date, are based on fixed material and analysis at specific time points. We have only just begun to study plant reproduction using life cell imaging (Hamamura et al. 2011) , which bears tremendous promise, despite the substantial technological hurdles that have to be taken. Certainly, the application of new technologies will revolutionize the way in which we can investigate plant reproduction at the cellular and molecular level, such that much progress can be expected in the near future.
